Research confirms the multifaceted nature of spelling development and emphasizes the importance of both cognitive and linguistic skills (such as working and long-term memory, phonological processing, rapid automatized naming, orthographic awareness, mental orthographic images, semantic knowledge and morphological awareness) that affect spelling development. This has clear implications for many second-language spellers (L2) with auditory processing difficulties because writing systems are graphic representations of spoken language, and literacy development involves learning the association between the printed and oral forms of language (also known as phonological awareness and processing). In the present investigation, the researchers sampled second-language spellers (n = 22) with significant auditory processing delays and implemented an intervention programme that utilized visual and tactile coding strategies as part of the multi-sensory intervention therapy programme (for a period of six months). Post-test results were very promising and showed that L2 English-language spellers significantly improved in both short-term memory processing, phonological awareness and spelling performances. Considering this investigation's contribution to effectively supporting the spelling development of children with auditory processing delays, the researchers are confident that it will expand and improve existing theoretical accounts of literacy (and spelling) acquisition in the field of psycholinguistics, whilst also facilitating the academic success of the growing L2 learner population in South Africa (and internationally).
Introduction
Auditory processing disorders (APDs) are defined as deficits in processing the information of audible signals which are not attributable to impaired peripheral hearing sensitivity or intellectual impairment (Maerlender, 2010) . According to researchers, because these deficits disrupt the continuous auditory processing of acoustic, phonetic, and linguistic information, they consequently affect the processing of information from sound reception to discourse understanding (Jerger & Musiek, 2000) . Furthermore, according to Maerlender (2010) APD may manifest itself in various auditory processing tasks, for example an insufficiency in sound localization, auditory discrimination, auditory pattern recognition (or sequencing), and temporal processing. This becomes increasingly difficult for learners with APD when the auditory signal is degraded or embedded in competing acoustic signals (Maerlender, 2010) . From the above, it is evident that APD refers to learners whose ability to process auditory information is compromised despite having a normal (or intact) auditory threshold. As mentioned, APD is not the result of a physiological problem (e.g. hearing loss); rather it refers to a condition in which the learner is unable to process what is being heard (Mearlender, 2010) . This results in challenges in terms of their listening, reading, spelling and speaking (Jerger & Musiek, 2000; Miller & Wagstaff, 2011) . It must be noted that learning to spell has definite implications for L2 learners with APD because writing systems are graphic representations of spoken language, and literacy development involves learning the association between the printed and oral forms of language (also known as phonological awareness and processing) (Dubitsky, 2014) .
The present study will focus specifically on English second-language learners (L2) with auditory processing difficulties (APD) and the effect that these complications have on acquiring sufficient spelling skills. Although the message to be communicated is more important than the correct spelling, competence in spelling has a great influence on the quality of written work and spills over to other areas of a person's life (Peters, 2013) . For example, it has a positive effect on a learner's self-concept as it affords a learner status as well as giving him or her the knowledge that he or she can communicate effectively (Peters, 2013) . Perhaps even more important is that problems with spelling interfere with higher order writing processes and affect the quality of writing (Baschera, 2011; Kohnen, Nickels & Castles, 2009) .
After reviewing the available South African and international literature, the authors aim to address the current paucity of research findings that investigate the value and potential of sensory integration and the application of alternative spelling strategies such as fingerspelling (as tactile coding) in combination with visual perceptual coding strategies to improve the spelling proficiency of L2 learners with APD. When one considers the limited research to date on the spelling development of English language learners with APD in South Africa (and internationally), one realises that the need for this study is clearly warranted (Williams & Newman, 2016) .
Theoretical Framework
Since this study specifically focuses on supporting the spelling development of L2 learners with significant auditory processing difficulties (APD), the authors in the current study, working from a theoretical framing perspective, firstly acknowledge this phenomenon by drawing from the rapid auditory processing deficit theory (also known as the phonological processing hypothesis). This theory clearly explains the consequences of auditory processing difficulties and how they relate to developing the spelling of L2 learners (Baschera, 2011) . More specifically the rapid auditory processing deficit theory states that the source of a writing difficulty (or spelling impairment) can be found in the processing and integration of rapid sequential auditory stimuli (Baschera, 2011) . This leads to difficulties with discriminating between sounds and identifying the correct phoneme-to-grapheme correspondences (also known as phonological awareness). Furthermore, these phonological learning difficulties are linked to a reduced phonics-based memory and interfere with the development of welldefined and robust phonological representations; hence the consequent difficulties with literacy and spelling (Dubitsky, 2014 ) (see detailed discussion on the role and interrelatedness of phonological awareness, auditory processing and working memory, to follow).
Secondly, focusing on underlying theories that are related to learning (cognition/memory), during the past decade theorists have argued in favour of multisensory learning theories (Lehmann & Murray, 2005; Gardner, 2006) . Moreover, behavioural studies have shown that multi-sensory, encoded experiences enhance perception and facilitate their retrieval from memory (Lehman & Murray, 2005) . With reference to the current research, and in the absence of intact auditory processing skills of L2 spellers, it is imperative to draw on these learners' other modalities (or skills) to develop their spelling abilities. The theoretical implication of this is that, in the absence of intact auditory processing skills, the central idea is to recode the spelling words (to be taught) into a multi-modal representation that uses multiple perceptual cues and coding strategies, such as visual and tactile coding (i.e. fingerspelling). Thus in the present study the benefits of multi-sensory learning and the assumption that learners with APD will probably use non-phonological, visual coding strategies were the rationale for considering these strategies in the development of the multi-sensory intervention therapy programme for L2 spellers with APD.
The Interplay of Phonological Awareness, Auditory Processing and Working Memory Abilities in Spelling Development
With the scope of this article (or research) focusing on the spelling difficulties of English second-language learners with learning disabilities, it has been demonstrated that some learners still struggle and ultimately fail to adequately develop sound reading and spelling skills (and literacy achievement generally speaking) despite their having normal intelligence and intact audition (i.e. hearing) and vision (Hahn, Foxe & Molholm, 2014) . The vast majority of these children have been diagnosed with APD or developmental dyslexia (Lyon, Shaywitz & Shaywitz, 2003) . However, when one limits the study to developing countries (such as South Africa), it becomes clear that many learners with APD are not being diagnosed. This has severe consequences for their academic, psychological, emotional and social development.
In the light of the above, researchers are puzzled why some individuals who appear to learn perfectly well in other domains (for example, in subjects requiring mathematical skills) struggle to match orthographic signs/symbols such as letters or words with phonological inputs or representations (Hahn et al., 2014) . At its core, competent reading and spelling requires the individual's ability to form reliable cross-sensory associations between symbols denoting the sounds of speech and of letters (or graphemic) and combinations of letters and symbols (Hahn et al., 2014) . For typically developing children this is also a challenging task during the initial stages of learning, but as learning progresses, these sound-letter correspondences begin to be automated until ultimately, the simple sight of a given orthographic representation activates the phonological representation (Hahn et al., 2014) . However, as discussed previously, throughout primary and secondary education this is a very daunting and challenging task for learners with learning disabilities and especially for learners with APD.
From the discussion above it is clear that one cannot overemphasize the importance of phonological processing in the development of both reading and spelling. This has been demonstrated by numerous theorists and researchers: for example, in a metaanalysis of 1 962 research articles on phonemic awareness, the National Reading Panel reported a meaningful, positive effect of phonological awareness on learners' reading and spelling development (Simonsen & Gunter, 2001 ). Phonological awareness is an aspect of meta-linguistic awareness that refers to the ability to understand the sound structure of a language. It includes the ability to segment speech into phonemes and to detect and manipulate them (Jongejan, Verhoefen & Siegel, 2007) , and thus is the conscious awareness of the sound structures of spoken words, e.g. syllables, beats, onset-rimes and individual sounds (De Sousa & Broom, 2011) . In practice this implies that a child who is phonologically aware not only understands the meaning of the words 'cat' and 'hat', but also recognises that they rhyme. Phonological awareness can therefore be seen as an umbrella term for a range of understandings, including a sense of alliteration, rhyme, syllables and the ability to segment words into sounds and to blend sounds into words (Stredler-Brown & Johnson, 2004) . The above evidently illustrates the interplay of phonological awareness and auditory perceptual development skills and the relationship between them. For example, the following key auditory skills are imperative for sound phonological awareness to develop: auditory discrimination (which involves the ability to identify similarities and differences in sounds i.e. phonemes and words); auditory memory (which involves the ability to store and recall information which was given verbally); auditory sequencing (which is the ability to remember and reconstruct the sequence of sounds/items or information in the same order i.e. sounds in a word or syllable); and finally, auditory blending (which involves the process of 'putting together' or synthesising the phonemes to form words (Listen & Learn Centre, 2010; Stredler-Brown & Johnson, 2004 ). As mentioned above, a child should be able to use the individual phonemes c, a, and t and blend them to form the word cat) whilst also being involved in the ability to construct sentences. The importance of these auditory skills further illustrates the inter-relationship between phonological awareness and auditory processing and also working memory (to be discussed in the next paragraph). In addition, several studies have shown a relationship (or a correlation) between auditory processing disorders (APDs) and learning disabilities (Listen & Learn Centre, 2010; Sharma, Purdy & Kelly, 2009; Ahissar, Protopapas, Reid & Merzenich, 2000) with many studies also reporting the coexistence of APD and learning disabilities in children with reading and spelling difficulties (Sharma et al., 2009 ). Since APD is characterised by inefficient auditory processing abilities or a reduced ability to discriminate, recognize or understand auditory information, it may contribute to deficits in phonological awareness (Sharma, et al. 2009; Ouimet & Balaban, 2009; Rosen, 1999) . This is further confirmed by some existing research which has also established causal links (or relationships) between auditory processing, phonological awareness and reading and spelling disorders (Sharma, et al. 2009 ) -thus confirming the hypothesis that deficits in auditory processing underlie impairments in reading and spelling. For example, in Ahissar and colleagues' study (2000) , individuals' performances in auditory-processing tasks were significantly correlated with their reading and spelling scores. The researchers conclude that good readers experience accurate sound representations which facilitate the encoding of acoustic patterns into phonological representations, thus allowing for the automatic translation of phonological codes into written language, with little or no effort (Ahissar et al., 2000) . Conversely, poorer readers experience numerous challenges in auditory processing and abnormal representation of the phonological parts of speech. This results in learners' having difficulty in encoding and mapping spoken language (and sounds) with written symbols and graphemes (Ahissar et al., 2000) . From the above it is apparent why phonological awareness fulfils an important function in both reading and spelling development, including the causal role of auditory processing skills and working memory during the process of reading and spelling development (as will be discussed in the next paragraph).
Working memory (as a component of short-term memory) relates to an individual's ability to attend to verbally or visually presented information, to process information in memory, and then to formulate a response. With regard to its role in reading and spelling development, working memory has a dual function, namely the temporary storage as well as the processing of information (Maerlender, 2010) . Available findings further suggest that both phonological and visual subsystems form active stores that are capable of combining information from sensory input and from the central executive. Consequently a memory trace in the phonological store might stem either from a direct auditory input or from the sub-vocalisation (sub-vocal articulation) of a visually presented item, for example a letter (Baddeley, 2000) . In terms of its role in APD and more specifically its involvement in auditory and verbal processing of information, working memory is often measured through complex span tasks of a linguistic nature, namely a speaking span, listening span, and reading span task which tap both the processing and storage of verbal information (Alptekin, Özemir & Çereti, 2014) . In most research it involves a dual-task paradigm which combines a recall span measure (primary task) with a concurrent processing task (i.e. a secondary task).
In terms of the current study, the researchers agree that, compared to its involvement in the production of oral language, using working memory in spelling development and written skills is a far more daunting task and is a complicated process (or involvement). Accordingly it has been argued that written language requires greater precision and explicitness, forcing the writer to provide more information (nouns, adjectives, and verbs) within each single unit of meaning (i.e. clauses) or when writing words and constructing sentences (Alptekin et al., 2014) . Since spelling or writing requires great planning and monitoring that represent written production, they involve greater executive control and this places extra demands on the child's WM system, especially amongst less accomplished writers (Berninger & Swanson, 1994; Arfe, Rossi & Sicoli, 2015) . Spelling and the production of written tasks have been demonstrated to be a very difficult task for learners with learning disabilities whether in L1 or L2. As mentioned before, the available research emphasises the importance of both short-term memory and its working capacity during spelling, whilst also demonstrating significant correlations between working memory and more advanced writing skills (e.g. written expression) (Basso Garcia, Mammarella, Tripodi, & Cornoldi, 2014.) In addition, research investigating the possible interaction between working memory and long-term memory within the domain of written language (i.e. spelling) indicates that spelling relies on both memory systems. More specifically studies have shown that spelling includes (among others) a process responsible for the retrieval of a word's spelling in long-term memory or its activation there. This refers to the orthographic output lexicon, including the graphemic buffer in the visual-spatial working memory. The graphemic buffer ensures that each of the word's component letters is selected for production in the appropriate order and interfaces with the motor systems involved in either producing a written version of the letter's shape or an oral spelling of the names of the letters of the alphabet (Buchwald & Rapp, 2009 ). The aforementioned may also have specific value and importance for the selection of multi-sensory learning strategies, and specifically the inclusion of fingerspelling as a form of visual-tactile coding during the process of developing ESL learners' spelling of target words.
Focusing on the scope of this article (namely learners with APD and its relationship with short-term or working memory), experimental and clinical psychological research specifically focuses on the role of short-term memory during attention span tasks (such as forward and backward span tasks) (Maerlender, 2010) . These results have confirmed significant correlations between short-term memory tests and audiometric tests used for diagnosing APD and have also demonstrated high correlations between short-term memory digit span tests (forward and backward) and learners' scores on audiometric tests (Maerlender, 2010) . This is further corroborated by neurological data (or MRI studies) that show the activation of frontal structures such as Brocca's area (i.e. for articulatory rehearsal) and inferior parietal structures (i.e. the supramarginal gyrus) during forward span tasks; whilst more executive or frontal involvement were recorded for the backward span tasks (Maerlender, 2010) . During the early stages of language processing -in particular in activities that are associated with phonological processing, such as phoneme encoding, storage and assembly/or synthesis of sounds -the left temporoparietal area plays a very important role (Gerton, Brown, Meyer-Lindenberg, Kohn, Holt & Olsen, 2004) . More specifically, researchers (see, Gerton and colleagues) have highlighted the involvement of the left inferior parietal lobule (IPL, supramarginal gyrus), a region in the short-term phonological store. Consequently researchers hypothesise that the left temporoparietal area may also be a very important component of the phonological loop in Baddeley's working memory model (2000) .
As discussed before (and in addition to the above), learners diagnosed with APD experience numerous challenges to their reading and spelling development. Reflecting on the discussion above (which highlights the interplay of working memory, auditory processing and phonological awareness in reading and spelling development), additional support for difficulties in the mapping of cross-sensory correspondences in dyslexia is supported by observational studies that confirm that learners' with APD and developmental dyslexia have difficulty with naming letters early in their lives (Hahn et al., 2014) . This may be observed during the initial stages of learning auditory-visual associations -a very challenging and daunting task. Moreover, it has been linked to later reading and spelling success and has also been identified as a strong predictor of both dyslexia and APD (Hahn et al., 2014; Ehri, 2005) . This is further corroborated by the fact that individuals with APD and developmental dyslexia struggle to recognize mismatches between written and spoken words, (these mismatches are also known as pseudowords i.e. they are words that meet the phonological criteria of a certain language without being an actual word in the language), when compared with typically developing learners (Hahn et al., 2014; Fox, 1994) . A further topic of discussion is whether L1 cognitive-linguistic skills, for example phonological awareness, can transfer to L2 cognitive-linguistic and literacy skills. Researchers argue that this is possible, but postulate that language-specific phonological processing skills and written language acquisition in both languages are dependent on the degree of similarity between the L1 and L2 orthography and phonology (Grant, Gottarde & Geva, 2011) . And so thus far it seems that the research findings on the topic of working memory have shown that L1 WM capacity and L2 WM capacity correlate positively and that this significant relationship is language independent (Alptekin et al., 2014) .
To summarise the discussion presented in this article, psychometric, behavioural and neurological data (i.e. MRI studies) have demonstrated the inter-relatedness of APD, auditory processing, phonological awareness and working memory by suggesting that short-term memory involves 'higher order' cortical processing, albeit at the early stages of phonological awareness (for example, during phoneme identification, collection, and processing). Available data further suggest that auditory short-term memory may be a universal deficit among all children with APD (Maerlender, 2010) . It is also evident that all of these cognitive linguistic skills discussed here (namely working memory, auditory processing and phonological awareness) play a very important role in the development of learners' spelling skills, irrespective of whether the language to be learned is their first (or home language) or an additional language (L2) in both learners with typical and atypical patterns of development (for example, leaners with APD or developmental dyslexia). Furthermore, since learners with APD, specifically struggle with the auditory processing of information and have numerous challenges with regard to phonological coding (and the mapping of sounds and graphemes), they cannot always rely on their knowledge of sound-letter correspondence when writing new words (Alptekin et al., 2014; Listen & Learn Centre, 2010; Darch, Johnson & James, 2000) . Consequently researchers have argued that second-language spellers (i.e. English spelling) could possibly benefit from being taught via alternative approaches such as orthographic strategies (Van Berkel, 2004; Wang & Geva, 2003) and fingerspelling. These strategies emphasise the visual and tactile nature of a task and allow children to form mental orthographic images (MOI) of words or visual representations of words based on multisensory learning strategies that entail visual-perceptual and tactile coding (Van Berkel, 2004) . One could argue that these strategies might be more beneficial when learning the spelling of English words in the absence of intact auditory processing skills, but more empirically validated research is needed to affirm this hypothesis and to expand existing research on the possible role of visual orthographic processing and fingerspelling, and how they can be used to improve ESL learners' spelling development.
Problem Statement and Aims
Research results have shown that the majority of children with learning disabilities have auditory processing difficulties (Iliadou, Bamiou, Kaprinis & Kandylis, 2009) . Despite the high prevalence of APD, there has been limited research in South Africa to investigate this phenomenon and how these learners can be supported to develop them into competent spellers. Moreover, focusing on the literacy achievements of South African learners, both educationists and researchers are concerned about the current state of literacy in our country (Jansen, 2013) . This is further corroborated by results from national literacy assessments. Although the most recent available results from South Africa's national literacy assessments show some improvement in the basic reading and writing skills of Foundation Phase learners, the 2014 ANA results have shown that 47% and 45% of South Africa's Grade 4 and 5 learners (respectively) performed below the average of 50% (RSA DBE, 2014) . Moreover, the transition from Foundation Phase to Intermediate Phase is sometimes very difficult and stressful for learners and this is reflected in their schoolwork. This transition is all the more difficult for L2 learners who represent the majority of learners in South Africa; thus they need serious long-term intervention (RSA DBE, 2014) . In terms of the development of second-language spelling, the majority of research investigating this phenomenon (and, more specifically, learners' difficulties with the processing of the written language) has focused on reading development. Less attention has been paid to the 'output' aspect of written language, namely writing (and spelling) (Baschera, 2011) . Moreover, since research findings have shown that many learners have specific delays in the auditory processing of sounds, it is imperative that support strategies should be identified to ensure that they can develop into proficient spellers (Dubitsky, 2014) . This research aims to utilise the principles of multi-sensory learning to optimise the spelling development of L2 learners. More specifically it will investigate how a combination of various visual and tactile coding strategies (i.e. fingerspelling) could improve the spelling abilities of L2 spellers in support of their weaker auditory and phonological processing skills.
In line with discussion above, the core purpose of this research is to investigate the spelling challenges of L2 learners with APD, including whether Grade 3 and 4 ESL spellers with APD can benefit from multi-sensory learning strategies that entail visual and tactile coding and specifically the introduction of fingerspelling as a visual tactile coding strategy to enhance ESLs spelling performances.
Research Design and Research Methodology
This research reports the results of a quantitative empirical investigation. It entailed research using an experimental pre-test/post-test research design. In the present study the second author developed a multi-sensory intervention programme to support the short-term memory, phonological awareness and spelling development of learners with APD.
Participants and sampling
The empirical investigation utilised purposive sampling procedures. This research specifically aimed to support learners with auditory processing and spelling delays. This was a prerequisite for learners to be included in this sample. Participants were drawn from Grade 3 and 4 classes from a multi-cultural, English-medium school in the Motheo district, of the Free State Province, South Africa. The following criteria for inclusion in the sample were applicable:
 Participants had to be in Grade 3 or 4 or aged between 8 and 11 years old.  They had to be second language (L2) learners whose Language of Learning and Teaching (LOLT) was English.  Participants had to demonstrate significant delays in their auditory processing skills, including phonological awareness (as measured by the battery of testssee measuring instruments).  Participants had to show delays of two years or more when compared to the average child of the same age (as measured by the standardised spelling measures selected as part of the test battery).
With regard to the ethical procedure applicable to the current research, it was approved by the Ethics Board of the Faculty of Education, University of the Free State (UFS-EDU-2013-0074). Informed written consent was also obtained from the principals, teachers and parents from the participating school. The participants were assured of their anonymity.
Data gathering strategies and measuring instruments
The following measuring instruments were administered as pre-and post-test measures:
 RAVENS (as pre-test measure): assesses non-verbal intelligence;  University of Cape Town Test (UCT) (pre-and post-test measure): measures reading, speed-reading and spelling;  Visual Aural Digit Span Test (VADS) (pre-and post-test measure): assesses short-term memory; and  Sutherland English Phonological Test (pre-and post-test measure): evaluates phonological awareness at the levels of syllable, onset-rime and phonemes.
Procedures
A meeting was conducted with the principal and educators at the school before the testing and implementation of the intervention programme. The researcher and educators collaborated to identify the learners who demonstrated significant delays in short-term memory, phonological awareness and spelling development. An information session was also arranged with the parents of the learners. Only learners whose parents had given written informed consent were assessed. After the assessments learners who met the criteria for inclusion were randomly assigned to either an experimental (n = 22) or a control group (n = 22). The intervention programme was implemented over a period of two school terms. The intervention therapy of the experimental group was carried out by the second author for a period of six months, commencing in June 2015. Learners received therapy in small groups of four to six learners during normal school hours in a separate classroom -thus via the pull-out system. With regard to the difference between the intervention support offered to the two groups, it should be noted that both the experimental and control groups received interventional support, the only difference being the multi-sensory intervention strategies and the utilisation of fingerspelling by the experimental learners. Learners in the control group were supported via didactic assistance provided by the classroom educator and support teacher(s) at the sample school, during and after normal school hours.
Developing the multi-sensory learning programme
Research has demonstrated that learners with learning disabilities require direct instruction and sufficient scaffolding to be able to apply effective strategies to enhance their learning (Van Staden, 2010) . In support of Darch and colleagues (2000) , the authors developed an intervention programme that involved multi-sensory learning and specifically included strategies of a visual and tactile (or manual) nature to support the weaker auditory processing skills of ESL learners with APD. As mentioned above (see Procedures), learners were randomly assigned to either the experimental or control group after the administration of the pre-tests. In the discussion below, we highlight the key features of this intervention programme that was implemented in various stages. In addition (as recommended by other researchers), the programme allowed for over learning and reflection, which were continuous processes during the application of this intervention study of two terms (this was applied during each therapy session).
Stage 1: During the first stage, i.e. prior to the practising of the words, fingerspelling was taught to all ESL learners participating in the intervention programme (conducted by the second author with the assistance of a post-graduate honours student in Psychology of Education).
Stage 2: During stage 2 the intervention therapy, focused first on enhancing (or improving) ESL learners' short-term memory spans. Secondly different target words were practised utilising visual, oral, tactile and manual coding exercises.
 Short-term memory: In order to improve the short-term memory different coloured blocks, digit (numbers) cards and sound cards were presented to the learners during visual-oral, visual-written, aural-oral and aural-written activities (by the therapist). For example, during the initial stages different coloured blocks (three to nine) were presented to learners who had either to build with the blocks, name the colours, or colour in patterns of blocks representing the coloured activity cards that were displayed/presented by the therapist. Similar activities were repeated with digits (numbers) and sounds to reinforce visual and auditory memory and sequential memory including expanding their short term memory spans. All of these activities involved multi-sensory learning activities integrating different modalities/senses of learners, such as visual-oral, visual-tactile, visual-written, aural-oral, aural-tactile and aural-written activities.
 Multi-sensory learning of spelling words Every second to third week, a new list of words was compiled to be introduced and practised. These lists contained words with regular and irregular spelling patterns (including abstract and concrete words, for example, 'chair' and 'about'). The words were selected from well-known high frequency word lists, for example the Dolch list and they also included words from the class readers being used at the school. Five to ten words were practiced during each therapy session, by utilising the following strategies:
o Learners had to look at the word, read the word and discuss the characteristics of the word (an example of a target word is 'rabbit'), including the word's meaning and construct an oral sentence with the target word. o The therapist produced the South African sign language (SASL) sign word the target word (i.e. rabbit) -this was applicable mostly to concrete words which had a sign equivalent (in SASL). o The children modelled the therapist's example (i.e. using sign language) and also produced the sign for the target word (i.e. hand and bodily kinematics). o Whilst looking at the flash card with the target word, children practised it using fingerspelling. o In the next step the word was fingerspelled again, whilst sounding it out. o In addition to fingerspelling and sounding, different tactile mediums were used to reinforce the spelling of words, for example: tracing it in sand; on sandpaper; in jelly and paint; modelling it in clay, etc. -before writing the word from memory. o These strategies were all introduced to reinforce the chaining method of linking the visual representation (i.e. the flashcard with the target word), with the tactile version (i.e. the fingerspelled letters), the oral version (i.e. pronouncing the word and emphasising the auditory sounds in the word); and with the written version of the word (i.e. the formation of the different graphemes).
Stage 3: Continuous assessment and reflection: Every third week, learners were re-assessed on the specific list containing the target words that had been practised during that specific month. Words that were still challenging for the children were included in the next list of twenty words and re-introduced to be practised during the next stage or month.
Stage 4: This step involved the post-testing of the learners with the same battery of tests administered during the pre-test occasion.
As mentioned before, the multi-sensory training of working memory and spelling words was an interactive and reflective process which involved the therapist's modelling, immediate feedback, active learner participation, self-correcting and positive reinforcement -all of which have been demonstrated to be very successful by previous research (Van Staden, 2010; Darch et al., 2000) . One limitation that the researchers would like to note is that before fingerspelling was introduced and learned, the researchers observed that many ESL learners did not know the basic oral sounds (in English) or how to pronounce them. In practice this implied the re-teaching (and relearning) of the oral sounds whilst also teaching them the finger spell equivalent of the specific sound. This meant that we were able to teach fewer spelling words during the intervention period of two terms.
Results
The quantitative data were analysed using non-parametric inferential statistics, namely the Mann Whitney U-test. This test is a nonparametric test of a null hypothesis that compares samples of two independent groups of the same population or the before and after measures of their tests (Pietersen & Maree, 2007) . In this way it was determined whether any improvement had taken place after the implementation period of the multi-sensory intervention programme (i.e. by comparing the scores of the preand post-test measures of the two groups).
From the results presented in Table 1 , it is evident that the experimental and control groups were evenly matched prior to the intervention study and that they did not differ statistically. This was confirmed by statistical analyses using SPSS 22.0 (IBM Corporation, 2013) . It showed that the difference between the experimental and control groups were not statistically significant. For example the following analyses were yielded for: Age (p = 0.39; U = 205.5); Non-verbal intelligence (RAVENS) (p = 0.85; U = 234); Short-term memory (VADS) (p = 0.61; U = 220); Phonological awareness (p = 0.90; U = 241) and Spelling (p = 0.77; U = 229).
Comparing the pre-and post-test scores of the two groups, it is evident that the average pre-test scores of both the experimental and control groups were very weak prior to the intervention therapy. After the intervention period of two terms, the learners in both groups were re-assessed. As depicted in Table 1 the post-test scores of ESLs in the experimental group showed a substantial improvement, with regard to working memory, phonological awareness and spelling development (i.e. post-tests), compared to learners in the control group who also showed a marginal improvement. In order to determine whether the results of this study are statistically significant, Mann Whitney analyses were conducted. The results for short-term memory span, phonological awareness and spelling improved substantially from the pre-to the post-test occasion. Mann Whitney analyses yielded significant results for: Short-term Memory Span: VADS: (p = 0.00; U = 12); Phonological awareness (p = 0.01; U = 142) and Spelling (p = 0.00; U = 76).
From the results reported above, it is evident that in the current study, the implementation of a short-term memory intervention programme in combination with the application of visual and tactical coding strategies, and specifically fingerspelling, systematically guided learners with APD to apply these strategies effectively in order to develop their spelling abilities, whilst their short-term memory abilities and phonological awareness also improved significantly.
Discussion and Conclusion
Our ability to recognise, understand and discriminate auditory information is directly linked to our listening, comprehension and learning capacity. When the auditory skills required for efficient auditory processing are impaired (as in the case of children with APD), acoustic signals are misrepresented in the auditory cortex and are therefore not accurately interpreted by the brain (Listen & Learn Centre, 2010; Ahissar et al., 2000) . Inaccurate interpretation results in impaired phonological representations which, in turn, lead to delayed auditory processing skills and weak phonological awareness. Consequently, it affects both reading and spelling development negatively.
Researchers hypothesise that problems related to delayed auditory processing cause poor sound encoding and impaired translation of phonological codes to written text (and vice versa) (Alptekin et al. 2014; Maerlender, 2010; Listen & Learn Centre, 2010) . Results in the present research project have confirmed learners' weak auditory processing and delayed phonological awareness skills prior to this investigation.
Thus in the present study, the researchers (i.e. the authors) hypothesised that learners with APD would possibly benefit from multi-sensory coding strategies that, inter alia, utilised learners' stronger visual-processing skills, in combination with tactile coding (i.e. the inclusion of fingerspelling) to improve their spelling development. This hypothesis is further strengthened by the available literature and previous research that confirm that, in addition to the role that phonology plays in children's spelling development, the casual role of orthographic knowledge during phonological recoding (and spelling development) should also be emphasised (Wolter, Self & Apel, 2011; Wang & Geva, 2003) . This also had specific implications for ESL learners with APD in the current study, and could be used to benefit them. Moreover, because English has a deep orthography and not all words in English can be spelled correctly using lettersound correspondences (Van Staden, 2010) , not only learners with APD but all ESL learners may probably benefit from visual coding strategies, especially when learning words that do not have a strong phoneme/grapheme correspondence (i.e. phonological irregular words).
In further support of considering multi-sensory visual and tactile learning strategies for learners with APD, recent research has shown that spelling is a multifaceted skill which draws on multiple cognitive and linguistic skills and processes such as orthographic knowledge, mental orthographic images, semantic knowledge and morphological awareness (Malstädt, Hasselhorn & Lehmann, 2012) . Thus, it is evident that the different cognitive processes that a child employs during spelling are flexible and that both lexical and sublexical skills are employed in order to achieve accurate spelling. For learners with APD this also has meaning because teachers can scaffold the application of visual-and tactile-coding strategies and lexical processing to teach spelling more effectively. These findings (or recommendations) are also in agreement with the dual-route models of spelling development (Rapcsak, Henry, Teague, Carnahan & Beeson, 2007) . And this suggests that both lexical and sub-lexical processes are important for children to develop into competent spellers. As mentioned before, this has specific value for ESLs with APD who have pronounced problems in utilising phonological structures of language (i.e. phonemes/sounds), phonological awareness (PA) and phonological recoding when learning spelling words, since they can be guided (though effective scaffolding) to utilise visual and tactile coding strategies during spelling instruction in the classroom.
Moreover, since the current study explored the efficacy of visual perceptual and tactile coding strategies and specifically the utilisation of fingerspelling to improve the spelling abilities of ESLs with APD, the role of visual short-term memory, and specifically the visual-spatial working memory during spelling development, should also be explained. The role and interplay of orthographic knowledge, visual-perceptual coding and alphabetical transcription when converting verbal language into meaningful words/phrases to be stored in long-term memory has also been emphasised in previous studies (Bourke, Davies, Summer & Green, 2013) .
The storage of visual short-term memory is mediated by distinctive posterior brain mechanisms, in such a way that capacity is determined both by a fixed number of objects and by the complexity of the objects (Keogh & Pearson, 2014) . Thus it is clear that the involvement of the visual-spatial sketchpad will depend on the lexical and spatial context in which the letters were encoded. In this way a word can be retrieved as a complete visual representation from long-term memory and then a letter-by-letter discrimination process can be done to choose the correct individual grapheme configuration while thinking of the overall letter sequence to produce the correct spelling of a word. Researchers (Wolter et al., 2011) are also of the opinion that it is crucial to have a solid representation of written words in one's long-term memory in order to be able to read and write fluently. In terms of the value of utilising fingerspelling in addition to visual perceptual coding, recently there has been renewed interest in the role of fingerspelling for deaf readers (Williams & Newman, 2016) . This included studies investigating the parsing of fingerspelling (Emmorey & Petrich 2012) , the acquisition of fingerspelled vocabulary (Happtonstall-Nykaza & Schick 2007) , and the identification, matching, and spelling/writing of fingerspelled words (Williams & Newman, 2014; Puente, Alvarado, and Herrera 2006) . With regard to investigating the value of fingerspelling for hearing learners, there is a paucity of research into this phenomenon. Recently Williams and Newman (2016) have investigated the relationship between fingerspelling and print during lexical decision making amongst hearing nonnative L2 learners in order to explore how activation spreads between these representations. Focusing on the role of fingerspelling for deaf learners, researchers hypothesise that fingerspelling can serve as a cross-modal bridge between ASL and English in that it is a manual representation of the English alphabet, whilst also having some correspondence to ASL signs (Williams & Newman, 2016) . Researchers refer to this technique as 'chaining' since the fingerspelling may contribute to deaf learners' literacy acquisition, by connecting (or acting as a link) fingerspelled words, printed words, and ASL signs (Chamberlain & Mayberry 2000) . Researchers further hypothesise that the utilisation of fingerspelling has specific advantages for deaf learners because they acquire fingerspelling early in their lives whilst also learning the associations between the alphabet and fingerspelling at an early age (Williams & Newman, 2016; Johnson, 1994) . Since the application of fingerspelling has shown improved literacy performance for deaf learners, one can hypothesise that ESL learners with APD will also benefit by combining fingerspelling, print, and sign language signs in a pedagogical context. Moreover, in further support of this hypothesis, findings suggest that fingerspelling has positive connections with orthography and reading (Williams & Newman, 2016; Mayberry, del Giudice, & Lieberman, 2011; Padden, 2006) .
In line with the above, the main question informing this research was to explore whether visual-perceptual coding and the utilisation of fingerspelling can positively contribute to the formation and storage of mental orthographic images of spelling words in the long-term memory of ESL leaners who have been diagnosed with APD. In answering this research question, results from the present study have confirmed this hypothesis, namely that orthographic processing plays a salient role in spelling development, and that spelling is a multifaceted skill which draws on multiple cognitive and linguistic skills (Malstädt et al., 2012) . Moreover, it is clear from the results presented previously, that ESLs with APD who had been guided via effective scaffolding to apply orthographic (i.e. visual) coding strategies and fingerspelling to spelling became aware of letter sequences or spelling patterns in words, including how combinations or patterns of letters are strung together to represent certain sounds (van Berkel, 2004) . These strategies have proven to be very effective and assisted them to improve their spelling of English words significantly. Thus the results of this study confirm the hypothesis that the spelling of ESLs with APD can significantly be improved by the application of intervention strategies that focus primarily on strategies that draw on the orthographic route of spelling development (i.e. multi-sensory visual and manual/tactile coding strategies such as fingerspelling) to enhance their spelling performances.
Recommendations and Implication of This Research
The current state of literacy (reading and spelling) is a universal concern. Focusing on the South African education context, some researchers even view our literacy standard as a 'national catastrophe' (Jansen, 2013) . Considering the paucity of research currently available on the effects that poor auditory processing has on the spelling abilities of English language learners in South Africa, the educational contribution of this study is apparent. First, it addressed the paucity of current findings both within the South African and the international educational contexts regarding spelling instruction in general, including specific strategies that could be beneficial to English language learners with APD. In the present study, the utilisation of visual and tactile coding in combination with fingerspelling and sign language signs for hearing children makes a very unique scholarly contribution to this field of psycho-linguistics and special education, both in South Africa and internationally. Secondly, within the South African educational environment, the majority of children are ESL learners, whilst the majority of these children still experience exclusion daily. In addition, many educators are not sufficiently trained to support learners with learning disabilities (including children with APD) who require higher levels of support. Consequently it is recommended that this intervention study and strategies be replicated with larger (more representative samples) and that more teachers receive training in basic sign-language skills and fingerspelling to be able to utilise fingerspelling and sign language among hearing children in their classrooms. Moreover, through the development and implementation of this programme amongst larger samples of ESL leaners, more children in our county could benefit directly. Despite this study's successful contribution to research, the researchers would like to note its limitation: the study was implemented at one school only and with a small sample of children (and that the results can therefore not be generalised to all children with APD). Nevertheless, the authors are confident that this findings will expand and improve existing theoretical accounts of spelling acquisition, specifically with regard to improving the spelling of ESLs with APD both in our country (and internationally).
